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TREATING NEURODEGENERATIVE
DISEASES WITH GGA OR A DERIVATIVE
THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. provisional appli-
cation No. 61/711,162, filed Oct. 8, 2012, the contents of
which is included herein in its entirety by references.

FILED OF INVENTION

This invention relates to improving negative effects of
amyotrophic lateral sclerosis (ALS), alzheimers disease
(AD), or ischemia by administering geranylgeranyl acetone
(GGA) or a derivative.

STATE OF THE ART

Amyotrophic lateral sclerosis (ALS) is a progressive neu-
rodegenerative disorder that causes muscle weakness, dis-
ability, and eventual death, with a median survival of three to
five years.

Incidence rates for ALS in Furope and North America
range between 1.5 and 2.7 per 100,000/year, while prevalence
rates range between 2.7 and 7.4 per 100,000; there is no
definite racial or ethnic predisposition. Overall, the male to
female ratio is about 1.3 to 1.5, with higher male predomi-
nance at younger age and near equality at older ages. The
incidence of ALS increases with each decade, especially after
age 40 years, and peaks in the seventh to eighth decade. In the
United States, about 7000 new cases of ALS are diagnosed
each year. The incidence and mortality rates of ALS have
been slowly increasing over decades. Part or all of this
increase in ALS incidence may be due to longer life expect-
ancy.

Worldwide, approximately 90% of cases of ALS are spo-
radic (SALS), with the remaining 10% familial (FALS) and
caused by mutations in one of several genes. SALS is likely
linked to alterations in complex gene systems, forming
genetic risks factors rather than a direct cause of ALS. In
FALS there is often Mendelian inheritance and high pen-
etrance, with most cases following an autosomal dominant
inheritance pattern.

The genetic etiology of nearly half of FALS is unknown.
Approximately 15 genetic mutations have been identified as
causes of ALS, although the causative nature of the gene
mutations is still unknown. Among these, mutations in
72C90RF72, SOD1, TDP43, FUS, ANG, VCP, OPTN are
associated with typical ALS; the remainder are associated
with unusual phenotypes or small numbers of kindreds. The
most common mutation appears to be COORF72 (FTD-ALS)
repeat expansion accounting for 24 to 47% of FALS, while
the second most common gene mutation, SOD1, accounts for
about 12% to 20% of FALS. The most common mutation in
North America is the A4V, which is associated with a very
aggressive form of ALS accounting for 50% of SODI1
patients.

The central pathology of ALS is atrophy and death of
anterior horn cells and cortical motor neurons, and may affect
other neuronal populations, particularly frontal cortical neu-
rons, leading to concurrent frontotemporal dementia. Differ-
ences in site and segment (cranial, cervical, thoracic, or lum-
bosacral) of onset, pattern and speed of spread, and the degree
of upper and/or lower motor neuron dysfunction produce a
disorder that is remarkably variable between individuals. The
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2

initial clinical manifestation of ALS may occur in any body
segment (bulbar, cervical, thoracic or lumbosacral) and may
manifest as upper motor neuron or lower motor neuron symp-
toms or signs. Asymmetric limb weakness is the most com-
mon presentation of ALS (80%), followed by bulbar onset,
respiratory muscle weakness, or generalized weakness. The
frequency of frontotemporal executive dysfunction in
patients with ALS reportedly occurs in 35-51% of patients
with ALS. The median survival from the time of diagnosis is
three to five years; however, about 10% of patients live 10
years or more. A principal difficulty in the diagnosis and
management of ALS is the absence of clinical biomarkers,
which contributes to a diagnostic delay of 9 to 12 months and
to initial false-negative diagnosis in up to 10% of cases.

The complex pathophysiology of ALS suggests that it is a
multifactorial disorder and presents many potential therapeu-
tic targets. In recent years, a large number of experimental
therapies and neuroprotective agents with varying mecha-
nisms of action have been tested clinically (including agents
targeting excitotoxicity, neurotrophic agents, immunomodu-
lators, agents targeting oxidative stress, anti-apoptotic com-
pounds and nutritional supplements) and have failed.
Although several drugs (such as creatine, celecoxib, IGF-1,
CNF, gabapentin, topiramate, lamotrigine, xaliproden,
minocycline, thalidomide, valproate, vitamin E) gave posi-
tive results in preclinical animal studies, none of these com-
pounds, when tested in humans, significantly prolonged sur-
vival or improved quality of life of ALS patients.

A range of mechanisms have been implicated in the initia-
tion and propagation of the neurodegenerative process in ALS
that may not be mutually exclusive and include excitotoxicity,
oxidative stress due to free radical generation, protein mis-
folding, protein aggregation, neurofilament aggregation,
mitochondrial dysfunction, proteasomal dysfunction, aber-
rant growth factor signaling, apoptosis, impaired axonal
transport, microinflammatory process and glial activation.

Numerous agents with potential neuroprotective effects
that have been investigated include those from the categories
of free radical scavengers, anti-excitotoxic agents, apoptosis
inhibitors, anti-inflammatory agents, neurotrophin factors,
metal ion chelators, ion channel modulators and gene thera-
pies.

Two preclinical and clinical strategies in ALS drug devel-
opment are: 1) preventing death of the motor neuron soma by
pharmacologically targeting the neuron and 2) supporting
motor neuron health indirectly by targeting the biology of
ambient glia. A third strategy gaining momentum in preclini-
cal studies reconceptualizes ALS as a cytoskeletal disease and
targets degenerative processes involving neuromuscular
junctions (NMJs). Itis based on the fact that motor neuron cell
death only happens near the end of an extensive clinical
disease and thus likely is a final consequence of other neu-
ronal processes, whereas NMJ damage occurs in the early
stages of disease progression, long before motor neuron loss.
ALS can be thought of as a progressive distal axonopathy that
follows NMJ denervation but precedes both neuronal degen-
eration and the onset of clinical symptoms.

Recently, several new agents have reportedly shown evi-
dence of benefit in Phase 2 trials. Particularly, dexpramiprex-
ole, an amino-benzothiazole, through actions involving mito-
chondria, tirasemtiv (CK-2017357), a fast skeletal muscle
troponin activator, and NP0OO1, a regulator of macrophage
function.

Only one therapeutic with similar targets has been tested in
clinical trials for ALS. Arimoclomol is a drug that upregulates
molecular chaperones in cells. Pre-symptomatic administra-
tion as well as treatment with arimoclomol at disease onset
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extended the life span of SOD1 G93A by approximately 5
weeks. In a Phase 2a open label clinical trial run, a reduction
in decrease of ALSFRS-R, vital capacity, total body weight
and body mass index was observed when compared with a
historical control. No other clinical trial has been performed
investigating HSP70 induction or modulation of GGTase in
ALS.

Despite over 30 phase II and phase III clinical trials of
promising agents, riluzole remains the only evidence-based

disease-moditying drug for ALS. An American Academy of 10

Neurology practice guideline, published in 2009, recom-
mended riluzole, a benzothiazole analog, as safe and effective
for the slowing of progression in ALS, though only to a
modest degree and without effect on motor function. The gain
in survival is approximately 11% or 3 months. The precise
mode of action of riluzole is unknown. It appears to be a low
potency, nonspecific modulator of multiple pharmaceutical
targets that include the inhibition of presynaptic glutamate
release, inactivation of voltage-dependent ion channels, pre-
vention of protein aggregation, and more recently, neuropro-
tection via an astrocyte dependent mechanism leading to
enhanced glutamate reuptake rather than by regulating
glutamate release. Due to the inevitably progressive nature of
ALS, symptomatic, preservation of quality of life, and pal-
liative treatments contribute significantly to clinical manage-
ment of patients with ALS, regardless of riluzole treatment.

Extension of survival over that achieved by riluzole is
considered a minimally acceptable result that must be accom-
panied by a slowing of disease progression, as measured by
comparing pretreatment and 6-12 months of treatment ALS-
FRS-R scores, and that delays onset of ventilator assistance in
both familial and sporadic ALS. Also, as a minimum, the drug
must be safe and tolerable to the majority of eligible patients.
The drug would be taken twice daily mixed in food or drink
with little to no pharmacokinetic interference.

The upregulation of HSP70, for example, has been
reported 1 with riluzole and arimoclomol. HSP70 is effective
with its co-chaperone HSP40 that features a CAAX prenyla-
tion motif and which is required for binding of GGT.
Pleiotrophic effects of these drugs, can be observed although
in most, the mechanism of action has not been determined.

Modulation of prenylation can also be a part of the mecha-
nism of action of statins and bisphosphonates. These drugs
block the cholesterol synthesis pathway, an intermediate of
which is GGPP, the main substrate of GGTase. Inhibition of
prenylation has been invoked as an explanation of the anti-
inflammatory effects of statins and it is conceivable that this
results in neuroprotection in ALS. Furthermore it has been
reported that statins are able to improve clearance of mis-
folded proteins in a model of Alzheimer’s disease by modi-
fying prenylation. However, to our knowledge, these pharma-
ceutical approaches have not been investigated for drug
development in ALS.

SUMMARY OF INVENTION

Provided herein are methods for improving negative
effects of ALS, AD, or ischemia, the methods comprising
administering to a subject in need thereof a therapeutically
effective amount of GGA, preferably present in the trans
form, or a derivative thereof. As used herein, a therapeutically
effective amount refers to an amount of GGA or a derivative
thereof that can improve the negative effects of ALS, AD, or
ischemia in a subject or an in vitro or in vivo model thereof. As
also used herein, the term “treatment” or “treating” means
any treatment of a disease or condition in a patient, including
one or more of:
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preventing or protecting against the disease or condition,
that is, causing the clinical symptoms not to develop, for
example, in a subject at risk of suffering from such a
disease or condition, thereby substantially averting
onset of the disease or condition;
inhibiting the disease or condition, that is, arresting or
suppressing the development of clinical symptoms; and/
or
relieving the disease or condition that is, causing the
regression of clinical symptoms.
Modes of administering an agent, such as GGA or a derivative
thereof, in accordance with the present invention, is well
known to the skilled artisan and/or will be apparent to the
skilled artisan upon reading this disclosure. In a preferred
embodiment, the GGA or the derivative thereof is adminis-
tered as a 7 day patch.

DETAILED DESCRIPTION OF THE INVENTION

Provided herein are methods related to modulation of the
activity of small GTPases by influencing their prenylation to
stabilize the cytoskeleton in neurites for the treatment of ALS.
In some embodiments, these methods utilize CNS-102,
which is a structural mimic of the prenylation substrate
GGPP. Prenylation influences multiple signaling pathways
that modulate functions such as cell movement, motility, cell
growth, cell survival, and expression of HSPs.

In some embodiments, the compounds utilized herein
extend survival and improve quality of life by inhibiting the
disease progression and demonstrate improvement in the
slope of the ALSFRS-R scores measured over a 6-12 month
period. In some embodiments, the compounds utilized herein
are administered once daily in food or drink, or delivered by
a 7-day patch.

In some embodiments, the compounds utilized herein have
the following chemical properties for optimal CNS penetra-
tion and bioavailability: molecular weight <400, lack ioniza-
tion at physiological pH, lipophilic, polar surface area esti-
mated at 60-90 A, minimal hepatic first pass effect, i.e., no
significant CYP2D6 metabolism. Additionally, the com-
pound is well absorbed and have high absolute oral bioavail-
ability in order to minimize the total amount of drug needed
and to attenuate side effects or interactions with other drugs.
Additionally advantages would include minimal compound
that is bound to plasma proteins over the clinical concentra-
tion range; pharmacokinetics that are linear over the thera-
peutic dose range, and PK given every 24 hours for effective
single daily dosing.

Embodiments including certain compound characteristics
are tabulated below.

Compound  Minimum Acceptable

Properties Result Ideal Result

Primary Treatment to extend Treatment to extend survival

Drug survival, slow progression  and halt neurodegeneration in

Indication and delay onset of ventilator sporadic and familial ALS
assistance in sporadic and
familial ALS

Patient Adults with ALS Adults with ALS

Population

Delivery Oral Oral or Patch

Mode

Treatment Chronic Chronic

Duration

Regimen 2x/day 1x/day oral or 1x/week patch
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-continued
Compound  Minimum Acceptable
Properties Result Ideal Result
Efficacy Extends survival by =220%,  Extends survival =40 % and

slows progression as
measured by the slope of
ALSFRS-R and delays
onset of ventilator
assistance in sporadic
and familial ALS. Safe
and well tolerated

delays onset of ventilator
assistance. Inhibits
neurodegeneration and
stabilizes the disease.
Demonstrates improvement in
slope of ALSFRS-R over a 9-
month period. Safe and well
tolerated

In these regards, SE,9E,13E-geranylgeranylacetone (trans
GGA or CNS-102), which is an isomorph of geranylgeranyl
pyrophosphate (GGPP), the prenylation substrate for gera-
nylgeranyl transferase, (GGTase 1) exhibits neuroprotective
activity capable of supporting different classes of neurons
threatened by a variety of endogenous genetic or exogenous
pharmacologic stressors. In vitro, CNS-102 protects neurites
from toxicity caused by an inhibitor of GGTase 1. Systemic
CNS-102 upregulates expression of several HSP genes in the
brain cortex and hippocampus, with concomitant induction of
HSP expression in brain cortex. It also provides neuroprotec-
tion in the hippocampus against excitotoxicity induced by
kainic acid. In the superoxide dismutase 1 (SOD1) mouse
model of ALS, CNS-102 significantly prolonged survival,
improving clinical scores, neurological scores, and comput-
erized assessment of gait parameters, suggesting that CNS-
102 can also be effective in delaying onset or progression of
symptoms.

It is contemplated that that compounds such as CNS-102
and analogs based on its scaffold can modulate geranylgera-
nyltransferase [ (GGTase I) activity. This in turn is thought to
regulate prenylation of small G-proteins such as Rho, Rac and
Cdc42 and affect their activities on various aspects of neu-
ronal development, including neurite outgrowth and differ-
entiation, axon pathfinding, and dendritic spine formation
and maintenance. Furthermore, it is contemplated that com-
pounds based on the CNS-102 scaffold can induce HSP
expression such as HSP70, and lead to inhibition of cytotox-
icity-induced neuronal cell death during the pathological pro-
cess of ALS. In some embodiments, treatment with CNS-102
or analogs may provide neuroprotection by inhibiting apop-
tosis and promoting regeneration of degenerating motor neu-
rons, thus improving survival and behavioral outcome mea-
sures of ALS patients. Moreover, since some of the
aforementioned molecular and cellular pathological features
of ALS are shared by AD and HD patients, it is contemplated
that our compounds can also benefit the treatments of other
neurodegenerative diseases.

A hallmark feature of ALS is muscle weakness caused by
denervation, dysfunction and degeneration of motor neurons.
While other muscle types respond to stress and damages by
up-regulation of heat shock proteins such as HSP70, motor
neurons are lacking the response of HSP70 upregulation,
probably rendering them more vulnerable to a variety of
insults.

A key component of the proposed mechanism of action of
CNS-102 is to up-regulate HSP70 activity, therefore inducing
a cytoprotective and anti-apoptotic response in neurons. Post-
translational protein prenylation mediated by GGTase I, regu-
lates activities of small GTPases such as Ras, Rap1, and Rho
(Rho, Rac, Cdc42), modulating a signal cascade that leads to
activation of HSP70. These GTPases are involved in multiple
cellular processes, including proliferation, apoptosis, cell
morphogenesis and metastasis in a multitude of tissues.

15

20

25

30

35

40

45

50

55

60

65

6

GGTase 1 is one of the two major enzymes that catalyze the
attachments of isoprenoid lipids to the C-termini carrying
CaaX motif of proteins. Despite some reports that GGTase |
is dispensable for membrane association and/or forming
GTP-bound small GTPases in non-neuronal cells, it is con-
sidered that GGTase I dependent prenylation is required for
activating Rho GTPases at the cell membrane in neuronal
cells. As an example, one strategy for modulating Rho
GTPase activities has been the inhibition of GGTase I in the
treatment of cancer.

GGA has been reported to be an inducer of HSP70 activity
conferring neuroprotection in vitro in models of Parkinson’s
disease and heat injury such as burns. GGA also proved to be
neuroprotective in vivo by inducing HSP70 in models of
ischemia and glaucoma. In a model of proteasome impair-
ment in cultured motor neurons, simulating conditions that
may be found in ALS, GGA induced the expression of HSP70
and was found to be neuroprotective. Recently, it was shown
in motor neurons of the SOD1 G93 A model that a co-inducer
of the heat shock response, arimoclomol, increased innerva-
tion, end plate size, and activity of cholinergic enzymes and
reversed muscle fiber transformation, compared to control
groups. This was accompanied by a concomitant increase of
HSP70 expression. Interestingly, injection of human recom-
binant HSP70 protein in SOD1 mice delayed the peripheral
muscle denervation.

Upregulation of HSP70, a measurable outcome of pre